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PREFACE, 



In preparing for the press in America this edition, the author 
desires to express his gratitude to American readers for the 
appreciation with which the former editions of his work on 
Dynamo-Electric Machinery have been received at their 
hands. If he has not always been able to do as full justice 
to American patterns of machines and American improve- 
ments as to those developed in Europe, this defect has oc- 
curred from causes over which he had little control, and he 
willingly acknowledges the importance of the contributions 
made to progress in this and every branch of the electrical 
industry by American engineers. 

In view of the attempts made in the States to circulate 
unauthorized copies of his work, he wishes it to be understood 
as widely as possible that he is responsible for the correctness 
of those editions only which are published byMessrs. E. & F. N. 
Spon, Ltd., London, and by Messrs. Spon & Chamberlain, 
New York. American students of electric engineering will 
do well to avoid reprints of older editions emanating without 
authority from other publishers, and for the accuracy of 
which the author hereby disclaims all responsibility. 

American engineers and manufacturers of dynamos and 
motors are invited to send, from time to time, information of 
their newest improvements to the author, in order that in 
future editions he may be able to keep his work as thoroughly . 
as is possible up to date. 

SiLVANUS P. Thompson. 

London^ January^ i8gy. 
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CHAPTER 1. 

CONTINUOUS-CURRENT DYNAMOS AND MOTORS. 

No very great changes have been made during the last 
two or three years in the designs of continuous- current 
machines. There has been a certain amount of dissatis- 
faction at the disproportionality of the framework and 
field-magnet of a dynaitio and the relatively small arma- 
ture. It is also felt that the mere accessories ought not 
to take up such a large proportion of the cost, for in the 
ideal case the real working part is the armature, and all 
the rest ought to be but a small additional cost. Notions 
of this kind, together with the desire to fix the field wind- 
ing in as close proximity as possible to the armature, has 
led in the design of bipolar machines to a variety of forms 
for field-magnet and framework which are somewhat 
more compact than the ordinary ** over** or ** under** 
types (see pages 327 and 403*). The ** ironclad** type of 
field-magnet is finding favor with so many designers, that 
it is worth while to illustrate some of the existing forms, 
and to discuss their advantages. 

So far as British manufacturers are concerned, this ten- 
dency has been accentuated by the demands of the Ad- 
miralty that dynamos for use on shipboard should be so 
designed as not to produce any stray magnetic field which 
can affect the ship's compasses. To attain this as nearly 

* Dynamo-Electric Machinery. — Thompson. 
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as may be, the two poles of a bipolar dynamo are gener- 
ally set vertically above and below the armature instead 
of being placed right and left of it. The magnetic cir- 
cuit is completed by an external yoke of cast steel, which 
nearly or completely encloses the magnet coils and arma- 
tare, being in the form of a vertical cylinder, a type 
which originated with Mr. Mordey. Even this device, , 
which adds greatly to the gross weight of the machine, 
does not absolutely do away with the existence of a stray 
field. Ship dynamos of this type have been manufac- 




FiG. 521. — Iron-clad Type of the Hobart Electric Manufacturing Co, 

tured for some years by Messrs. Mather & Piatt, and 
also by the Silvertown Company. 

In the United States a similar tendency has shown 
itself. Fig. 521 shows a design of the Hobart Electric 
Manufacturing Company of Troy, O., in which good use 
is made of the waste space in the bed-plate by filling it 
with one of the magnet windings, and completing the 
magnetic circuit through comparatively thin limbs of 
cast steel of high permeability. It will be observed that 
if these return paths were wound instead of the pole 
pieces, the design would resemble that of the McTighe or 
of the ** Manchester" dynamo ; but the newer design has 
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two points of advantage over the latter type. In the first 
place, the magnetomotive forces of the two coils are in 
series instead of being in parallel, thus making considerable 
saving in copper for the same loss in the field (page 150*). 
Secondly, the magnet windings being close to the air- 
gap, there is not the same facility for magnetic leakage. 
(Compare the case of the Lahmeyer type, page 154^.) 
All the accessories of this dynamo are of the simplest 




Fig. 522. — Iron-clad Dynamo of the Thresher Electric Co. 

possible design, and by lessening the height of the arma- 
ture great solidity is given to the bearings. 

Fig. 522 shows a machine of the Thresher Electric 
Company, of Dayton, O., in which the same features are 
present, but here an opening has been made in the return 
path for the purpose of ventilation, and the iron is carried 
round so as more nearly to envelop the ends of the arma- 
ture. Other instances of iron-clad dj'namos of analogous 
construction will be found in the machines of Messrs. 
L. W. Da vies &. Co., and in those of the Triumph Elec 
trie Company of Cincinnati. 

* Dynamo Electric Mac Amery.— Thompson. 
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Fig. 523. — Iron-clad Dynamo of the Lafayette Engineering and 
Electric Works. 




Fig 524. — Dynamo of the Central Electric and Foundry Co. 



Continuous-Current Dynamos and Motors, 5 

It may be asked whether it is preferable to have two 
field coils, as in these machines, or to have one field coil. 
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as in the design of the Lafayette Engineering and Elec- 
tric Works, Lafayette, Ind., as shown in Fig. 523. The 
answer to the query is that while one coil simplifies the 
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construction, two coils create a more symmetrical dis- 
tribution of the field, and decidedly lessen the tendency 




FjG. 526. — Magnetizing Coil of the Lundell Dynamo. 

to magnetic leakage ; for each may be considered as ex- 
pending its own magnetizing force upon its own neigh- 
boring half of the armature and on the adjacent air-gap. 




Fig. 527. — Armature of the Lundell Dynamo. 

SO that the leakage from the side of the armature to the 
return path or flanking yoke of iron is but small. 
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In some cases the coils are placed at the sides of the 
armature instead of at the top and bottom. This is the 
case with the machine of the Central 
Electric and Foundry Company of 
Lewisburg, Pa., shown in Fig. 524. 
A machine of the same type is made 
by the Crescent Electric Machine Com- 
pany of Brooklyn. 

A unique form of field-magnet of a 
type originated by Mr. Rankine Ken- 
nedy some years ago, is that of the Lun- 
dell dynamo, shown in its two halves 
in Fig. 525. The magnetizing coil, 
shown separately in Fig. 526, is slipped 
over the internally projecting pole 
pieces and entirely encased in the 
steel casings when these are brought 
together. It will be seen that the magnetomotive force 
of this coil is in a direction parallel to the axis of the 




Fig. 528. — Rocker 
AND Brush-Hold- 
ers OF THE LUN- 

DELL Dynamo. 




Fig 529. — Sayers's Dynamo. 

armature, but the shape of the iron parts causes the 
greater part of the flux to enter the armature at the sides 
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and leave it at the top and bottom, thus creating a four- 
pole field. Although only one magnetizing coil is usea 
to magnetize the four-pole pieces, the fact that it must 




embrace the armature necessitates a very much greater 
diameter than would be necessaiy to embrace only the 
cross section of the pole pieces. The armature of this 
machine is shown in Fig. 527, and the rocker and brush- 
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holders in Fig. 528. This form of field-magnet is very 
suitable for motors when a neat external appearance is a 
desideratum, as in the case of fan-motors suspended from 
the ceiling. 

If Sayers's compensating winding, described on page 
395*. is employed with such machines, the dimensions 
of the field-magnet may be still further reduced, be- 
cause by giving a backward lead to the brushes (as is 




Fig. 531. — Walker Brush-Holder. 

possible with such windings) the current in the armature 
is made to assist in exciting the field instead of opposing 
the excitation. Indeed, a dynamo (to be used as a series 
dynamo or as a series motor) might be made without any 
winding on the field-magnet at all. Fig. 529 shows a re- 
cent form of Sayers's dynamo made by Mavor & Coul- 
son, of Glasgow, in which the small size of the field-mag- 
net in comparison with the ^ize of the armature is very 
conspicuous. 

* Dyna7nO' Electric Machinery. — Thompson. 
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When compensating windings are used to correct the 
cross-magnetizing and demagnetizing effects of the arma- 
ture reaction, the brush-holders may be fixed once for 
all, and need no movable rocker, thus simplifying con- 
struction. 

In the case of multipolar machines there is very much 
less variation shown in the general shape of the field - 
magnets. The types shown in Figs. 530 and 533, in 
which the lower portion or yoke of the magnets, the 




Fig. 532.— Ring-Support for Walker Brush-Holder. 

bed-plate, and the bearing standards are cast in one 
piece are becoming almost universal. The four-pole 
generator of the Walker Manufacturing Company, shown 
in Fig. 530, may be cited as an instance of this type of 
machine, possessing modern details of construction. 
The Walker Company has recently brought out a new 
brush-holder*, a sketch of which is shown in Fig. 531. A 
ring-support for a whole set of brushes is shown in 
Fig- 532. The dynamo can rotate in either direction, 

* Electrical World, xxvii.. p. 649, or Engineering y March 20th, 1896. 
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Fig. 533. — Railway Generator (800 Kilowatts) of the Westinghouse 
Manufacturing Co. of Pittsburg. 



and is always revolved against the brushes. A spring in 
the rear gives any desired pressure to the brush by a 
single adjusting motion. As the holder is always tightly 
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clamped to its stud with set-screws, contact therewith is 
secure and sufficient, and the current may be taken 
directly from the support without special cables. 

The use of a ring-support sliding in guides screwed to 
the field-magnet, instead of a rocker clamped on a rim on 
the bearing, is now usual with large multipolar machines. 
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Fig. 534. — Armature of Railway Generator. 

A good instance of a brush-holder of this type is 
afforded in Fig. 533, which illustrates the field-magnet 
and frame of an 800-kilowatt electric railway generator 
made by the Westinghouse Manufacturing Company, of 
Pittsburg, Pa. When the field of the machine has been 
bored, a cutter attached to the bearing-bar forms the 
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groove in which the brush-holder rests, thus insuring 
perfect centring for the brush-holder, and enabling it to 
have greater stability. Being in a circular form with the 
various brushes attached to it, one man, as shown in the 
engraving, by means of the worm-gear can adjust all the 
brushes at once, and should anything go wrong with the 
armature and any serious sparking arise, he can adjust 
the brushes while being out of harm's way. 

Carbon brushes thickly plated with copper are used, 
and the brush-holders are so arranged that any one brush 
can be examined and taken out from the machine while 
it is running, without in any way affecting the working 
of the generators. 

The armature of this machine is shown in Fig. 534. 

F^g- 535 shows a Crocker- Wheeler multipolar dynamo 
of 100 kilowatts capacity for direct attachment to a high- 
speed engine. The dynamo has a number of special 
features, including a small hand-lever at the top, by 
which the eight sets of brushes are raised and lowered 
upon the commutator simultaneously through the medium 
of connecting-links. The brushes are attached directly 
to, and are supported by, two large rings which receive 
the current. 

These rings are fastened together with insulating spac- 
ing blocks between them, and rotate as a unit under the 
action of a screw hand wheel at the side of the machine, 
upon the faced edges of four arms which project from 
the frame of the machine. The entire arrangement 
leaves the brushes and commutator and the points of 
contact very accessible and free for observation. The 
supporting hub of the armature is split two thirds of its 
length, and is made to pinch the shaft by heavy trans- 
verse bolts, the arrangement being such as to secure a 
very true armature, and one which can be removed and 
put back very easily. 

The principal improvements that have been introduced 
in this machine are the method of supporting the brushed 
and the device for raising the brushes from the commuta- 
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tor. The brush supports, which consist of two rings of 
iron, act at the same time as connectors between the 
brushes of the same polarity. They are, of course, in- 
sulated ifrom each other, and are insulated themselves 
with rubber tape and shellac. This device does away 
with the usual external method of brush support, and 
leaves the commutator free for inspection, allows ready 
access to the brushes, and enables the tender to watch 
the operation of his machine. This particular machine 
has eight sets of brushes connected four and four. The 
eight sets of brushes are all joined together with insulated 
couplings and by a system of levers so arranged that they 
can all be lifted at one operation. This is to prevent any 
damage occurring to the brushes by reason of the rever- 
sal of the engine when starting. The armature has a 
ring core with a drum winding. The slots in the arma- 
ture are of the overhanging type, the conductors being 
passed through insulated tubes of mica and micanite. 
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CHAPTER II. 

ARC-LIGHTING DYNAMOS. 

A NUMBER of firms now make arc-lighting dynamos of 
the closed-coil type discussed on page 465*, and the ten- 
dency is to use toothed armature cores. 

A general view of an arc-lighter, made by the Western 
Electric Company, of Chicago, is shown in Fig. 536. 
The accompanying cuts are given by kind permission of 
the Electrical World. The commutator, which is shown 
in section in Fig. 537, and externally in Fig. 538, is built 
up upon ^ very substantial disk of hardwood veneering 
mounted securely on a brass flange. This disk is then 
faced with mica for better insulation — a very important 
point in these high-voltage machines— and each segment 
is screwed to it independently of the others. The seg- 
ments are tapered gently toward the inside, thus allowing 
slate wedges to be driven in between them, thereby pro- 
tecting the mica facing from the burning or over- heating 
effect that might be caused by the flashing of the dyna- 
mos. The outside ends of the segments are held rigidly 
by a compound ring of mica and veneering, and each 
segment is held in position on this ring by a screw and 
two dowel pins. The segments are insulated from each 
other by air spaces, allowing both sides of each segment 
to be inspected freely and cleaned readily. 

With an air-insulated commutator it is found that the 
burning eflect of flashing and short circuits is confined 
almost entirely to the brushes ; so that even after bad flash- 
ing it is not necessary to turn down the commutator, as is 
the case with those that are built up solid with mica in- 
sulation. The carbon brushes feed down and compensate 

* Dynamo- Electric Mac A/nery. -^Thompson. 
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for the burning as soon as it is over. All parts of the 
commutator which are connected with the circuit of the 
machine are on the face of the wooden disk, so that there 




Fig. 536.— Arc-Lighting Dynamo of the Western Electric Co. 

are no parts behind the commutator needing to be cleaned 
to prevent the surface insulation from deteriorating. All 
screws used in its construction are also accessible from 



i8 



Latest Dynamo-Electric Machines. 



the front. The segments are increased in size at the 
working part, so as to provide for long life and also to 
hold the flashing as much as possible in the working part 
of the segments. 
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The brushes are arranged to cover the commutator 
over the entire angle spanned by them ; whatever spark- 
ing occurs is concentrated at the tip of the brush. At 
the brush-tip there is provided a small independent 
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brush, which is automatically fed downward to compen- 
sate for the increased wear due to sparking at this point. 
This independent brush is so narrow that the brush- 





FiG. 538. — Four External Views of Commutator of Western Electric 
Co.'s Arc-Lighting Dynamo. 

angle remains practically constant, no matter how fast 
the brush may be worn away by the sparking. 

The sheet-iron rings of which the armature core is 
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built up have teeth similar to those of toothed armatures 
for incandescent lighting. The coils are wound in the 
slots between the teeth, and are firmly held in place by 
wooden wedges, which are driven in over the top of the 
winding. There is a very large number of individual 
coils, each of comparatively few turns of wire, so that 
the voltage in any one coil is reduced to such an amount 
as to obviate flashing under ordinary working conditions. 
In case one or even four or five coils of the armature 
become injured, it is not necessary to rewind them at 
once, for if a coil is not short-circuited internally, its 
ends can simply be disconnected from the clamp on the 
commutator and a small copper wire bridge or ** jumper'* 
be put across the segments to which it was previously 
connected ; and the machine can be run without serious 
increase in sparking until such time as it is convenient to 
make a complete repair of the injured coil. In a test 
made for the purpose of trying this remedy, as many as 
sixteen coils were cut out without incapacitating the 
machine. The armature yields a little over lo amperes 
at 4300 volts, and is an example of a wonderfully hardy 
high-voltage armature of the closed-coil type. 



CHAPTER III. 

ALTERNATE-CURRENT MACHINERY. 

The most recent advances in alternate-current ma- 
chinery have been made in connection with polyphase 
plant, most of the manufacturers having settled down 
some years ago to standard forms in the case of single- 
phase alternators. There are, however, two or three 
notable types of alternator which have come into exist- 
ence during the last year or so.' One of these is the 
looo-kilowatt io,ooo-volt alternator designed and built 
by Mr. S. Z. de Ferranti for the Deptfoid Station. This 
machine is shown in Fig. 539. Among its principal 
features is the construction of the wheel upon which the 
armature is built. On account of the high circumferen- 
tial speed (9800 feet per minute) at which it runs, special 
precautions have been adopted to make it perfectly safe. 
The following description is taken from the Electrical 
Engineer : 

** Following the construction in order of building up, 
the first operation consisted of shrinking on to the turned 
shaft a steel boss having eight large radial holes drilled 
and tapped in it; The wheel itself is cast in two halves, 
each half having four double T-arms which rest on the 
boss. The inner end of these arms was not joined to- 
gether in casting, so that each was free to move as con- 
traction tdok place. These two halves of the wheel were 
faced at the joints, and are turned both in the rim and at 
the centre. The wheel is then secured in position by 
shrinking over the end of the arms two heavy steel rings. 
The ring on the one side can be easily seen in Fig. 539. 
The two halves are also bound together at the rim by 
shrinking oval-shaped straps of rectangular section over 
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projections on the inner side of the rim. These straps 
are of steel, and have the same section as the rings secur- 
ing the arms to the boss. The next step is the introduc- 
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tion of eight strong radial spokes of cast steel to help 
take the bursting stress. These have flanged heads let 
into the rim and screwed into the boss referred to above. 
The method of securing uniform stress in each of these 
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is as follows : The eight spokes are screwed up as far as 
possible when cold, and then are carefully marked. A 
calculation is 'then made as to how much further they 
must be turned to give a definite strain in them. This 
position is marked, and the spokes are heated in situ till 
the expansion allows of their being readily turned in the 
position required. On cooling, therefore, each spoke ex- 
erts a uniform binding pressure on the rim. The design 
was based on the assumption that the wheel should 
carry twice the weight at twice the speed, and the care- 
ful workmanship has resulted m a wheel which runs per- 
fectly true. 

'* The armature of the alternator is built up on some- 
what similar lines as in the older Ferranti machines run- 
ning at Deptford (see page 616*), but with improved de- 
tails. The internal segments have cores made of lami- 
nated brass and asbestos, keyed together by corrugations 
in the brass. The smaller end is of solid brass burnt on 
to the strips, and to this is connected the inner end of 
the bare copper conductor. The segment is then wound 
with the conductor, which has corrugations to prevent 
side displacement, and the adjacent turns are insulated 
by special fibrous material. Two adjacent segments are 
clamped together into one carrier, and the outside ends 
of these conductors are connected where they touch. 
The two bolts clamping them into the carrier then form 
the two connections to the segments. The insulation 
between the carrier and the coils is effected by micanite 
shields. The carriers consist of two heavy brass castings 
clamped on to the segments. The complete carrier is 
supported on two bolts projecting from the rim. The 
insulation of these bolts is a matter of the greatest im- 
portance. They are ebonized all over except at the 
thread. The heads, screwed on, which come in the rim 
are covered with f-inch of ebonite. The rim of the fly- 
wheel is cast with a series of chambers to contain these 
bolt-heads. When they have been inserted and are held 

* Dynamo-Electric Machinery, —Thompson. 
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exactly in position by a template, the surrounding space 
is cast in with a special insulating compound of sulphur. 
These bolts are then tested with 20,000 volts between the 
metal at the screwed end and the rim of the wheel. The 
whole armature is connected up into two parallel circuits 
in such a way as to prevent any large difference of poten- 
tial between adjacent segments. The connections are 
made from diametrically opposite points on the arma- 
ture. The one point is earthed by being connected on to 
the rim of the wheel, and the opposite point, which is at 
10,000 volts above the earth, is led by highly insulated 
connection to a collector in the front of the machine. 
The bolts supporting the carriers near the high-tension 
connection have extra insulation on them, consisting of a 
series of ebonite collars, which increase the length of 
surface liable to leakage. The field-magnet castings are 
built up in two halves, one supporting the magnets on 
each side of the armature. Each half is formed of four 
segments securely bolted together. The poles, of which 
there are 64 on each side, are of circular section, and 
are forced into holes in these castings by hydraulic press- 
ure. The diameter of the poles is so arranged that the 
fit in the casting practically secures them, but they are 
also clamped by cup-shaped set screws. The field coils 
are constructed by winding bare copper strip on edge 
into a spiral, with insulation between adjacent turns. 
The whole of these coils are connected in series, and at 
full load the machine requires about i per cent of the 
full power for excitation. The section of the magnets is 
not increased at the pole-faces. The danger of the high 
voltage from the bare copper of the armature sparking 
across to the field has been overcome in this case by 
placing micanite caps over the poles. These caps, 
which are about \ inch thick, have all been tested up to 
25,000 volts. Since being in use no faults have devel- 
oped in them up to the present. The caps are enamelled 
on the outside, and even then have to be wiped all over 
after about every 24 hours of running to prevent surface 
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leakage. To enable this to be readily done, the two 
halves of the field- magnet system are made to slide, and 
are moved apart by a screw gear driven by an electric 
motor. This electric gearing is placed on the edge of 
the armature pit next to the engine, and by means of it 
the magnets can be separated in five minutes. In fact, 
on a special occasion it was found that three quarters of 
an hour was all the time taken to separate the fields, to 
remove a defective segment, to replace it by a new one, 
and to bring the magnets back into the position for 
running. 

" Some idea of the size of the machine can be gained 
from the illustration, but the following few dimensions 
will be of interest in this respect : the outside diameter 
of fly-wheel is 16 feet ; mean diameter of armature — i.^., 
diameter of pole centres— 20 feet ; over all diameter, 24 
feet ; width of armature strip, J inch ; circumferential 
speed of armature at mean diameter, 9800 feet per min- 
ute. The copper loss in the armature at full load is .85 
per cent. 

** This alternator has been running for over a year now, 
and has been tested with 75 per cent of the full load on 
it. A neat method of indicating the relative speed of the 
machine before putting it into parallel with the others is 
in use. A series of white patches are painted on the 
rim of the fly-wheel, opposite alternator coils. An arc 
lamp is then supplied from the other source of alternating 
currents. As is w^ell known, the light given off by an 
alternating arc is not continuous, but fluctuates with the 
alternations. Hence, when looking at an object lighted 
in this way, a series of consecutive impressions is received 
on the retina. So, when observing the white patches 
referred to, one really sees their positions at successive 
definite points on the current curve of the other alterna- 
tor. If the two machines are absolutely in synchronism, 
the result is that the spots appear stationary. If there is 
a difference of speed, they seem to advance or recede 
according as to which machine goes faster. In this way 
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the driver gets a good indication as to whether his engine 
is at the right speed before the usual synchronizer is 
switched in.*' 

The General Electric Company, of Schenectady, has 
developed the so-called " monocyclic*' system of alternate- 
current work devised by Mr. Steinmetz. The mono- 
cyclic system was designed to replace the old type 
single-phase system of alternate-current distribution by 




Fig. 540. — Monocyclic Armature. 

affording the advantage of being able to supply power to 
alternate-current motors that shall be self-starting under 
full load without affecting the steady working of the 
lighting system. By the courtesy of the Electrical World 
we are able to give here a short description of this sys- 
tem, and some figures of the plant. The monocyclic gen- 
erators differ from the old single-phasers only by having 
midway between the main slots that receive the windings 
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on the armature a second set of small and shallow slots, 
as shown in Fig. 540, which contain a supplementary or 
** teazer" winding shown in dotted lines. 

The " teazer*' coils have only one quarter of the num- 
ber of turns of the main coils, and therefore give only 
one quarter as much electromotive force. The teazer 
winding is connected with one end to a third or middle 
collector- ring, and with the other end to the middle of 
the main winding, as shown diagrammatically in Fig. 
541. It will be evident that the current in the teazer 
winding will be out of phase with the main current. 
Further, as the current going out frorii the teazer coil has 




Fig. 541. 

to return through one or other half of the main coils, it 
meets with a considerable self-induction. This feature, 
causing a relatively higher impedence in the teazer cir- 
cuit, limits the flow of current in that circuit by causing 
the voltage in this part to drop as current is taken 
through it, so that the power put forth by the alternator 
is practically all conveyed by the current of the other 
winding in the same way as in the old single-phase sys- 
tem. In' other words, the teazer current is almost en 
tirely a watt-less or idle current, useful for giving a start- 
ing torque to motors, which are connected up with a 
third wire to the teazer line, but not really contributing 
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anything to the driving power when the motor has got 
up speed. 

The teazer voltage of the generator cannot be measured 
directly, since only one terminal of the teazer winding is 
accessible when the armature is rotating. The potential 
difference between the two main or outside collector- 
rings is simply that due to the main coil. The difference 
of potential between the middle or teazer collector-ring 
and either of the two main collector-rings is the resultant 
of the teazer voltage and hajf the main voltage. 
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Since the teazer voltage at open circuit is one quarter 
of the main voltage, and the difference of phase between 
them is 90°, the relative voltage will be 

= VJin^W = i/'^T+i = i/ A = 0.57 ; 

or if the whole voltage across the outer mains is 2000 
volts, and that of the teazer coil 500 volts, then each half 
of the main coil will generate 1000 volts, while the meas- 
ured difference of potential between the teazer line and 
either main will be about 1 140 volts. 

For the operation of induction motors the primary vol- 
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tage is transformed either by two transformers of equal 
size, as shown diagrammatically in Fig. 543, or by a 
large main transformer coupled to a small teazer trans- 
former, as shown in Fig. 542. 

The diagram of the electromotive forces correspond- 
ing to Fig. 541 is shown in Fig. 544, a b being the pri- 
mary main, and c d the primary 
teazer voltage. Thus the dotted 
lines a c and c b are the resultant 
voltages between main and teazer 
wires, differing from each other __ 

by somewhat less than 60°. 

FJg- 545 gives a general view of a large monocycuc 
armature. The proper sizes of the main and teazer wires 
are very simply determined. The main conductors are 
calculated as for a regular simple alternate-current sys- 
tem, and then the ratio between the cross-section of the 
teazer winding and the cross-section of the main winding 
is made the same as Ihe ratio of the total motor load to 
the total load (for lamps and motors together) of the 
machine. It is, therefore, assumed in designing such 
machines that it is known how much the relative outputs 
for lamps and for motors will be. Fig. 546 shows the 
magnet frame of a monocyclic generator in course of con- 
struction. The tool for boring out the field is mounted 
on a temporary axle, and geared up to an electric motor 
in the manner clearly indicated in the figure, and needing 
no further description. 

An account of the General Electric Company's miodern 
pol)^phase plant will be found in the second edition of the 
author's treatise on Polyphase Electric Currents, 

The Westinghouse Company, which holds the Tesla 
patents in America for polyphase work, has during the 
last two or three years built and equipped at Pittsburg, 
U. S. A., a new factory for the special development of 
alternate-current machinery. Power is transmitted 
throughout this factory by means of two-phase alternate 
currents. In choosing one of their many types of alter- 
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nators to illustrate here we cannot do better than select 
one of the machines which the company have themselves 
chosen to do their own work. Fig. 547 depicts one 
of the 500 H.P. direct-connected two-phase generators 
which supply power to the tools in their factory. This 
machine stands a little over 8 feet high.- Its appearance 




Fig. 545.- -Monocyclic Armature. 

of compactness and solidity is very striking. It has 14 
laminated steel pole pieces built up and cast into the 
yoke. The exciting coils have a simple winding, regu- 
lation being secured through a rotatory transformer 
which supplies the total field current. The armature is 
built on a spider keyed and forced on to a 7-inch shaft. 
The laminated steel portion is designed to provide thor- 
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ough ventilation. The periphery is notched with 92 
slots, into which the copper conducting bars are inserted, 
and in which they are secured by means of strips of rigid 
insulating material secured by grooves inside the slots. 




Fig. 546. — Magnet Frame of Monocyclic Generator. 

This construction obviates the use of binding wires on 
the surface of the armature. The winding is a closed 
one with four connections brought out at such parts of 
the winding as to yield electromotive forces differing by 
90° in phase, on the plan devised by Bradley in 1887 (see 



32 



Latest Dynamo-Electric Machines. 




Fig. 547 — Westinghouse 500 HP. Two phase Generator. 
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page 599*). The collecting-rings are 5»J inches in diam- 
eter with a \\ inch face. The armature runs at 215 revo- 
lutions per minute, giving a frequency of 25 periods per 
second. The voltage is 240, and at full load the output 
is 400 amperes in each of the two circuits, the efficiency 
being 95 per cent. These generators are run in parallel. 
Fig. 548 shows one of this Company's 40 H..P. two- 




FiG. 548.— Westtnghouse 40 H.P. Two phase Standard Motor. 

phase standard motors. The current is supplied to the 
moving part, while the secondarv winding is stationary. 
The windings of this secondary (which cannot be called 
a rotor, since it stands still) are connected together 
through small resistances which are short-circuited after 
the motor has got up speed, in accordance with the prac- 
tice discussed on page 684*. The particulars of the 
performance of this motor can be studied in the diagram 

* Dynamo- Electric Machinery. — Thompson. 
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of curves given in Fig. 549. No curve for starting torque 
is shown, but it may be made anything desired up to two 
and a half times the full load running torque by merely 
inserting a resistance that has been designed to meet the 
conditions under which the motor is to operate when in- 
stalled. One and a half times the full load running torque 
is quite a sufficient starting torque for ordinary condi- 
tions. 
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Fig. 549. — Curves of 40 H.P. Motor. 

The Brush Electrical Engineering Company, of Lon- 
don and Loughborough, has introduced a new form of 
inductor alternator, belonging to the type of machines 
devised in 1887 by Mr. W. M. Mordey (see his British 
specifications of Patent Nos. 8262 of 1887 and 5162 of 
1888), and depicted in Figs. 439 and 439^ of the fourth 
(1892) edition of the present work. The essential feature 
of this type is the avoidance of any revolving coils, the 
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rotating part being of iron only, while a single magnetiz- 
ing coil suffices to magnetize all the individual sets of 
poles. To this type belong the well-known Stanley- 
Kelly alternator, and some of the recent forms built by 
the AUgemeine Company and by the Oerlikon Company. 
The new Mordey inductor alternator has a certain re- 
semblance to the machine shown in Figs. 436 and 437 of 
page 643*, but the particular machine of which a sectional 
view is given in Fig. 550 is simpler. Instead of having a 
double ring of armature coils, and a double set of lami- 
nated polar projections, only a single ring is used in this 
machine ; and the return path of the magnetic circuit is 
through a very small air space between the concentric 
cylindrical surfaces of the inductor port and the armature 
ring. The armature coils are simply rectangles, built 
of well-insulated copper wire or strip, placed in slots or 
grooves in the fixed laminated iron structure, and 
secured therein by a wooden strip driven into each slot. 
The slots are lined with a thick channel piece of micanite 
of U-shaped section, in which the coils repose. As in 
the older Mordey alternators, the number of armature 
coils is double that of the revolving pole faces. The 
single annular field winding so long known in those 
older alternators is retained, but this winding is now 
fixed in position on the stationary part of the machine. 

* Dynamo- Electric Machinery.— Thompson. 



CHAPTER IV. 

DYNAMO DESIGN. 

With the progress of dynamo construction there has 
gone on a simultaneous improvement in the production 
by metallurgists of special kinds of iron and steel for use 
in cores of armatures and in magnet frames, and in the 
methods used by designers for calculating out the de- 
signs. 

Special brands of very mild cast steel are now manu- 
factured having a permeability actually higher than that 
of the best Swedish or Lowmoor wrought iron. On the 
Continent of Europe the eminent firm of Krupp supplies 
a special soft cast steel known as ** Dynamo fagon-guss." 
In England similar steels are manufactured by Messrs. 
Armstrong,. Mitchell & Co., and by several Sheffield 
firms, including Messrs. R. A. Hadfield& Co. and Messrs. 
Edgar Allen & Co. Many scientific tests of these and 
other excellent brands have been made, chiefly by Pro- 
fessor Ewing, who has given a summary of the results in 
a recent paper read in May, 1896, before the Institution 
of Civil Engineers. Another important contribution to 
our knowledge of the subject is afforded by the paper by 
Mr. Horace F. Parshall read at the same time. To these 
the reader is referred for the most recent information. 

Makers of dynamos who have had experience of de- 
signing and constructing, dynamos in all sizes and sorts 
gain experience from practice that serves as a valuable 
guide in subsequent design. Among the matters which 
can thus be turned to future use is the degree to which 
experience shows that it is worth while to push the mag- 
netization in the various parts of a dynamo. If, for ex- 
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ample, experience has shown that a particular brand of 
iron can be used in making armature cores, and if experi- 
ence has also shown that in such armature cores it is best 
to work with a particular flux-density, then, in assuming 
this as basis for new designs, one need no longer treat 
permeability as a variable quantity, since in a given brand 
of iron a particular value of the permeability corresponds 
to each particular value of the flux-density, and this can 
be ascertained once for all. And if the permeability is 
known, the number of ampere-turns needed, per inch of 
length, to produce this particular flux-density in that part 
is capable of being definitely stated. Then by simply in- 
specting the drawings, and multiplying the length of 
each part in the path of fhe magnetic circuit by the am- 
pere-turns per inch required for that part, one readily 
reckons up the required winding. 

A single example will suffice. It relates to a four-pole 
50-kilowatt continuous current machine suitable for use 
as a railway generator, and generally of the same type 
of construction as the six-pole dynamo depicted in Plate 
X., and described on page 434*. The armature was 22 
inches in diameter (with 84 teeth), and the length of the 
core parallel to the shaft was 8*3 inches. It was built of 
plates of soft iron. The pole pieces and yoke were of a 
special cast steel. The total flux through any one of the 
four inwardly projecting poles was 4,546,000 lines, of 
which about 4,060,000 lines passed through the teeth into 
the armature core. In the following table, wherein inch- 
units are used, the several values of ampere-turns per 
inch-length in the different parts are calculated as fol- 
lows. From the flux-density (per square inch in this 
case), which experience has shown to be good, a refer- 
ence to the magnetic curve (such as Fig. 83, on page 123*) 
of the particular brand of iron will give the correspond- 
ing value of the permeability, and dividing the flux-den- 
sity by the permeability gives the value of the magnetiz- 
ing force needed {i.e.y H,,), or this may be taken direct 
* Dynamo- Electric Machinery. ^Thompson, 
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from the curves. By dividing by 6 '45 we find the value 
of H, the magnetizing force per square centimetre, which 
when multiplied by 10 and divided by4 tt gives the num- 
ber of ampere turns per centimetre of length. Finally, 
multiplying by 2*54 changes the value to ampere-turns 
per inch. All this may be done in one operation by divid- 
ing H,, by 3-192. 



Name of 
Part. 



Pole 

Yoke 

Gap 

Teeth. . . . 
Armature 



Magnetic 
Flux 


Cross- 
section 


Flux-Den 
sily per 


Ampere- 
Turns per 


Length 


(Mega- 


fSquare 
Inches). 


Square 


Inch 


(Inches). 


lines). 


Inch. 


Length. 


4*546 


54'ii 


84,014 


36-5 


9 


4546 


37*5 


60.450 


5*5 


17-8 


4 06 


102 0* 


39. Soot 


12,350 


o-i875t 


4 06 


38-1 


106,560 


113 


1*5 


4*o6 


33*2 


61,140 


6-5 


7-38 



Ampere- 
Turns 
Required. 



328 

98 

2,315 

170 

48 



Total Ampere -turns on each pole 2,959 



Rbmarks.— * At pole face ; at face of teeth available section is only 52*1 square 

inches. 
t At pole face ; at face of teeth flux-density over 75,000. 
X At one side. As there is winding on each pole, the calculation for 

each takes .into account only one gap, and only one-eighth of 

total length of circular yoke. 
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Catalogue of Books 

RELATING TO 

APPLIED SCIENCE 

ESPECIALLY ON 

ELECTRICITY 

AND A NUMBER OF 

Practical Hand-Books. 



Foreign Books imported to order. American Agents for the 
Photogram, $1.10 per annum, and the Process Photogram, I2.00 
per annum. Subscriptions received for all American and Foreign 
Technical Journals. 

We shall be pleased to mail any book post-paid to any address 
in the world, on receipt of published price. 

I^^Send full postal address. 

Remittances should be made either by P.O. O., Express Order, 
Registered letter, or Draft on New York, and made payable to 

SPON & CHAMBERLAIN, 

Pttblislisrs of T«eliQieal and ScUQtiflc Books, 

12 CORTLANDT ST., NEW YORK, U. S. A. 



LIST OF RECENT BOOKS. 



Abernethy. Commercial and Railway Telegraphy . . . . 2.00 

Abbott. Electrical Transmission of Energy . . . - 4.50. 

Allsop. Electric Bell Construction .. .. 1.25 

„ Electric Bell, Practical Treatise on the Fitting Up, &c., 1.25; 

,, Induction Coils and Coil-Making .. .. i-^S ! 

,, Telephones, Their Construction and fitting . . 2.00 i 

,, Electric Light Fitting .. .. 1.50.! 

Anderson. Lightning Conductors, History, Mode of Application, 5.00. j 

Andrews. Thermo-Electric Reactions and Currents -. .40!! 

Angell. Elements of Magnetism and Electricity .. .. i.oo[ ■ 

Atkinson. Electric Lightmg, The Elements of .. i-So, 

,, Static Electricity, The Elements of, .. .. 1.56 

,, Dynamic Electricity and Magnetism .. .. 2.00? 

,, Electric Transformation of Power .. 2.00 [ 

Atwood. Practical Dynamo Building . . 3.00 
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PRACTICAL ELECTRICS. 

A UNIVERSAL HANDY-BOOK 
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electric. i9^//j— Annunciator System ; Double System ; and Telephone; 
Making ; Magnet for ; Bobbins or Coils ; Trembling ; Single Stroke ; 
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ary ; Secondary ; Contact-breakers ; Resistance. Intensity Coils. — Reel ; 
Primary ; Secondary ; Core ; Contact-breaker ; Condenser ; Pedestal ; 
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Forms ; Circuits and Calls ; Transmitter and Switch ; Switch for Simplex.. 
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RUHMKORFF 

IHDTCTIOH COILS. 

THEIR CONSTRUCTION, OPERATION AND APPLICATIONS, WITH 
CHAPTERS, ON 

Batteries, Tesla Goils and Roentgen Radiography, 
By H. S. NORRIE. 
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sulations and Cements. IV. — Condensers. V. — Experiments. VI. — 
Spectrum Analysis. VI I. —Currents in Vacuo. VIII. — Rotating Ef- 
fects. IX. — Gas Lighting and Ozone Production. X. — Primary Bat- 
teries and Electric Light Currents. XI. — Storage Batteries. All.:— 
Tesla and Hertz Effects. XIII.— Roentgen Rays and Radiography. 
With 57 new illustrations. 
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Fig. I. Section of Coil. 2. Insulating Tube Ends. 3. Sectional 
Winding. 4, Section Winding First Method. 5. Section Winding 
Second Method. 6. Proportional Diagram of Coil. 7. Section 
Winder, End View. 8. Section Winder, Face View. 9. Assembly 
of Coils. 10. Polechanging Switch 11. Contact Breaker, Simple. 
12. Contact Breaker, Imperfect Form. 13. Contact Breaker, 
Superior Form. 14. Spottiswoode Breaker. 15. Polechanging. 16. 
Leyden Jar. 17. Plate Condenser. 18. Arrangement of Condenser 
Plates. 19. Condenser Charging, First Method. 20. Condensjpf 
Charging. Second Method. 21. Spark between Balls. 22. Stidrt 
Spark "between Balls. 23. Sparkling Pane. 24. Luminous Design. 
25. Electric Brush. 26. Spectrum— Solar. 27. Spectroscope and Coil. 
28 Simple Air Pump. 29. Geissler Air Pump. 30. Sprengel Air 
Pump. 31. Fluorescent Bulbs. 32. Solution Tube. 33. Riiby 
Tube— Crookes. 34* Iridio-platinumTube— Crookes. 35. Revolving 
Wheel. 36. Tube Holder. 37. Side View of Wheel. 38. Geissler 
Tubes. 39. Triangle on Disc. 40. Maltese Cross on Disc. 41. 
Gas Lighting Circuit. 42. Ozone. 43. Grenet Cell. 44. Fuller. 
45. Gethin's Cell. 46. Lead Plate. 47. Wooden Separat6r. 48. 
Charging with Rheostat. 49. Charging with Lamps. 50. Hydro- 
meter. 51. Hertz Resbnator. 52. Tesla' Circuit. 53. Tesla'Cut 
Out. 54. Tesla Cut Out Top Plan. 5 5., Tesla Coil. 56 Crookes 
Tube. S7- Roentgen Circuit. 
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INDUCTION COILS 

COIL MAKING. 

A, Treatise 
^n. ttie Conetru-ction arxd A?Vorlcing of Slnoolc, 
Nleciica.1 and Spark Coils. 

By K. C. ALLSOP. 



CONTENTS. 
Induction; Iron Filings Round Poles of a magnet; Magnetic Whirls 
Round Wires carrying Electric Currents; Electro-magnet; Apparatus for 
observing the phenomena of Induction ; Circuits of Coil with both prim- 
ary and secondary; Primary Shock Coil; Hints on the Construction of 
Coils generally ; Determining size of Primary and Secondary Windings; 
Table of resistances of Copper Wire, &c. ; Bobbins; Iron Core ; Winding 
the Primary; Winding the Secondary; Contact-breakers; Terminals; 
Bases for Coils ; Putting the Coil together; Construction of Condensers; 
Shock and Medical Coils and their connections ; Methods of regulating 
Shock ; Primary Shock Coils ; Method of Winding Last Layer ; Bath 
Coils ; Sledge Coils ; Portable Coils ; Street Coils. Accessory Appliances 
for, and the application of Medical Coils ; Conducting Cords and 
Electrodes ; Galvanometers and Milliampdremeters ; Collectors ; Current 
Reversers; Rheostats. Spark Coils ; A i-inch SparjcCoil; Sectionally- 
wound Coils ; a 2-inch Spark Coil ; a I2.inch Spark Coil ; App's Spark 
Coil ; The Polytechnic Coil ; The Spottiswoode Coil ; Experiments with 
Spark Coils ; Vacuum Tubes, &c. ; Batteries for Coil Working. — Dry ; 
Leclanch^ ; Bichromate ; Edison-Lelande ; Grove ; Bunsen. — Faults in 
Medical and Spark Coils. Figures produced by electric discharges on 
photographic plates. Index. 
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TELEPHONES 

THEIR 

CONSTRUCTION ANO KITTINO. 

A 

Practical Treatise on the Fitting-up and Maintenance of Telephones 
and the Auxiliary Apparatus, 

By K. C. ALLSOR. 
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Gower; Ader; Crossley; Johnson; Swinton; Valve Microphone; German 
P. O.; Runnings; Berthon; Berlinger; Induction coils for; Specifications 
for; two-pencil Microphone. Switch Bells, — Battery; Magneto; Connec- 
tions; Switch Hook; Lightning Arresters. Complete Instruments, — ^With 
Magnetic Transmitters; With Microphone; Gower-Bell; Bell-Blake; Cross- 
ley; Ader; Johnson; Army Service; Ship Service; for Mining and Diving 
Purposes. Long Distance Telephony. -5^//j.— Construction of the Mag- 
neto Generator; Battery; Vibrating; Single Stroke; Continuous Ringing; 
Short Circuit; Differentially wound; Circular; Church Shaped. Relays. 
Switches, — Two way; three point; four point; six point; plug. Three 
drop Annunciator; Four drop Annunciator; Connecting Plugs. Switch- 
boards. Batteries, — ^Leclanchd; Agglomerate block form; Six block form. 
Position of the Battery. Setting up the Battery. Inspecting a Battery. 
Recharging a Battery; four cell Battery in box. Erecting Telephone 
Wires, — Live Wires; Insulators; Shackles; Wall Brackets; Overhead 
Wires; Paying out Wire; Draw vice; Vicing up a span; Binding Wire to 
Insulator; Pole on Roof; Humming of Wires; Prevention; Induction and 
Leakage; to Prevent Induction; Underground Wires; Inside or Joining up 
Wires; Earth Wires and E^rth Connections; Fixing the Instruments; 
Connecting up (with numerous diagrams). Different Methods of Arrang- 
ing Instruments, — Twelve different arrangements. Private Exchange 
Systems, — ^For Hotels; for I^rge Buildings; Switch -boards. Public Ex- 
change Systems Western Electric Multiple; British P. O.; French; The 

Law; The Mann; Miller's Improvement; Bennett's Electro-static Call Wire. 
Testing and Pemamng Faults. — Searching for a fault. Faults in — Trans- 
mitters; Receivers; Switch Bells; Batteries; line; Locating Faults. Index, 

266 Paffes. 20S Illustrations and Folding Plat^^s. 1 2 Mo. 
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PRACTICAL 

ELECTRIC BELL FITTING. 

A TREATISE ON 

THE FITTING-UP AND MAINTENANCE OF ELECTRIC BELLS 
AND ALL THE NECESSARY APPARATUS. 

BY F,.C. ALLSOP. 

CONTXCNTS. 

1. Wiring, soldering, and joining wires and earth conneotionSy wUh 
7 illustrations, 

2. Pushes, pulls, contacts, and switches, with 40 illustrations. 

3. Bells, relays, and indicators, wUh 29 illustrations, 

4. Batteries, tmth 13 Ulustrations, 

5. The Magneto bell, with 14 Ulustrafions. 

t5. Connecting-up, with 9 illustrations in the text and 7 folding plates 
shovoing every form of connection likely to he needed. 

7. The detector, and localising faults, with 3 illustrations, 

8. Portable sets, with 4 Ulustrations, 

The engravings show in detail the various kinds of push buttons, buzzer 
buttons, window connections, floor connections, switches, bells (with con- 
trivance for continuous ringing) buzzers, relays, indicators, batteries, mag- 
neto-bells. The method of connecting-up for one or a number of pushea 
for indicators, ringing a number of bells, signalling in both directions with 
one wire and two batteries, closed and open circuit, elevator connections, 

etc. 

PRESS SOTICES, 

The man who masters this book will be in every way qualified for his work, 
and may be safely entrusted with the largest contracts. Electrical World. 

As a work for the practical. and working electrician fl is most complete, 
and will be found a valuable aid and instructor. The Manufacturer's Gazette, 

Every one connected with the business of electric bell fitting should 
procure and read this book, as it is brimful of valuable information and 
instruction upun the subject of which it treats. The book is amply illus- 
trated by nearly 150 cuts and every point is clearly explained and plainly 
demonstrated. It is evident from an examination of this work that the 
author is thoroughly acquainted with his subject and knows what he is talk* 
ing about and not only that but he knows how to place the matter before 
the readers in such a way that it may be readily xinderstood by any one of 
ordinary intelligence. The Architectural Era, 
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ELECTRIC BELL CONSTRUCTION 

A Treatise on the Construction 

of 
Electric Bells^ Indicators and Similar Apparatus, 

BY 

K. C. AIvLSOR. 



CONTENTS. 

Electricity and Magnetism* — Galvanic or Primary Batteries; Leclanch^ 
Battery; List of Conducting Substances ; List of Insulating Materials; The 
Magnetic Field; Lines of Magnetic Force; Electro-magnet- Winding Bob- 
bins of Electro-magnets; Table of resistances, Weights and Sizes of Copper 
Wire, ^^//x.— Construction of Trembling Bells, with details; Construc- 
tion of Single Stroke Bells, with details; Construction of Continuous Ring- 
ing Bells, with details; Construction of the Jansen Electric Bell, with 
details; Construction of Electric Gongs, with details; Construction of Sin- 
gle Stroke Bells for long distances, with details; Table giving length and 
diameter of Iron Cores, and the amount and sizes of Wire for different 
sized Bells. Indicator s.-^Drop Shutter or Moving Disks, requiring to be 
re-set by hand; Electrical Throwbacks; Full details of Mechanical Indica- 
tors ; Details for Electrical Indicators, Relays. — Unpolerized relays; Pol- 
erized relays; Details of relays commonly used on Bell Circuits; Contin- 
uous ringing attachments. The Magneto Generator and Bell. — Its Con- 
struction and Use; and complete details of parts, etc. Galvanometer., — 
The Construction and Use of the Detector, or Lineman's Galvanometer, 
with detail drawings. With Complete Index. 

131 PAGES, 177 ILLUSTRATIONS, 12 MO. 

Cloth, $1.25 
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SHORT LECTURES 



ELECTEICAL ARTISANS. 

BEING A COURSE OP EXPERIMENTAL LECTURES DELIVERED 
TO A PRACTICAL AUDIENCE. 

BY J. A. FLEMING, ]|.A.,D,Sc„ (Lokdon.) 

Contents. 

1. Magnetisation. Magnetic polarity. Lines of magnetic force. 
Measurement of magnetic fields. Magnetic resistance. Permeability and 
Buceptibility. Saturation. Magnetic theories. 

2. Oersted's discoveries. Field of solenoid. Mirror galvanometer. 
Faraday's laws of induction of currents. Terrestrial magnetic induction. 
Mnemonic rule. Biectric inertia. Self-induction. 

3. Magnetising force. Electro-magnets. Effects of torsion. Curves 
of magnetisation. Weber's and Ampere's hypothesis. 

4. Forms of electro-magnets. Long-pull and weight-carrying mag- 
nets. Field magnets. Foucault or eddy currents. Induction coils. 
Secondary generators. 

5. C.G.S. system of electrical measurement. Fundamental units. 
Mechanical units. Electric and magnetic units of measurement Sum- 
mary and table. 

6. Practical units for measuring electric quantities. Voltameters. 
Electro-chemical equivalents. Tangent galvanometers. Current-meas- 
urement. Amperemeter. Dynamometers. 

7. Instruments for measuring electromotive force. Laws of current 
flow. Voltameter. Cardew. Sir W. Thomson. Ayrton and Perry. 
Potientiometer. Resistance. Standards of resistance. British Association 
unit Legal ohm. Wheatstone's bridge. Watt-meters. 

8. Primary and secondary cells. Electrolysis. Plante's researches. 
Energy developed by primary cells. Forms of primary batteries. Stand- 
ard Darnell's cell. Standard Clark's celL Modem Secondary batteries. 

9. Electro-motors. Measurement of work. Efficiency of motors. 
Reaction between armature and field magnets. Counter*electromotive 
force. Measurement of efficiency of motors. 

SECOND EDITION, REVISED. 

Orwm octavo, doth, {TTLtOB $1,50,) 210 pages wUh 13 UlustraiUma. 



Hotos on Dosign of Small Dynamo 



GEORGE HALLIDAY. 

This book has been mainly prepared for the purpose of supplying 
drawings of a small dynamo of a well-known type to enable students to 
better understand the construction of this machine, and to handle the 
different details as the lectures which they are attending on the subject 
are proceeding. The type of dynamo has been so chosen that it will 
allow of considerable pains being taken in the workshop with its con- 
struction. 

79 Pages, illustrated, doih, with a number of Drawings to scaH 

$1.00. 



Tlis PMopajli, sill liiiw to Gouitniiit I 

WITH A CHAPTER ON SOUND. 
By W. GILLETT. 



This little work deals with the construction of the Phonograph in 

such a plain, straightforward manner, that the humblest student of the 

Phonograph will clearly understand its construction. With this little 

work are a number of drawings to scale of the various parts of the 

Phonograph. 

87 Pages, 12mo, cloth. $2.00. 



A History of ELECTRIC TELEGRAPHY 

TO THE YEAR 1837. 
Chiefly compiled from Original Sources and Hitherto Unpublished 
Documents, 

By J. J. KAHIE. 



CONTENTS. 

In this work the author has divided the History of Electricity into three 
parts, (I) static, or frictional electricity, (2) dynamic, or galvanic electri- 
city and (3) electro-magnetism and magneto-electricity. These in their 
turn are divided into three classes, electrical, galvanic (chemical), and 
electro-magnetic; and each class treated chronologically, follows naturally 
the corresponding part of the history of electricity up to the year 1837. 

This work will be found valu'able as a book of reference, and no elec- 
trical library is complete without a copy. 

542 pages, 35 illustrations, i2mo., cloth, $3.00. 



Philip Reis, 
Inventor of THE TELEPHONE. 

A BioGRAPHicAiv Sketch, 

With Documentary Testimony^ Translations of the Original Papers of the 
Inventor and Contemporary Publications, 

By F^rof. Silvanias F*. TTlnonipson, D.Sc, 



Contents of Chapters. 
Chapter I.— Biography of the Inventor. II.— The Inventor's Appar- 
atus* (a) Transmitters ; \b) Receivers. III. — The claim of the Inventor. 
IV. — Contemporary documents. V. — Testimony of Contemporary Wit- 
nesses. Appendix. Chapter I. — Comparison of Reis's Transmitters 
with recent Instruments. II. — On the variation of Electrical Resistance 

at a point of Imperfect Contact in a Circuit. Ill Comparison of Reis's 

Receivers with Recent Instruments. IV. — On the Doctrine of Undulatory 
Currents. Schedule of Authorities and References. Additional Re- 
ferences concerning Reis's Telephone. 

182 pages, 48 illustrations and two plates, 8vo., Cloth, $3.00. 
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tion. — Extension of the Law of the Magnetic Circuit to cases of attrac- 
tion of an Armature at a distance. — Calculation of Magnetic Leakage. — 
Rules for Winding Copper Wire Coils. — Special Designs. — Rapid- 
acting Electromagnets. — Relays and Chronographs. — Coil and Plunger. 
— Electromagnetic Mechanism. — Electromagnetic Vibrators and Pendu- 
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proportional parts. Transportation of systems of logarithms. Com- 
mon uses of common logarithms. Compound multiplication and the 
binomial theorem. Division, fractions and ratio. Rules for division. 
Rules for fractions. Continued proportion, the series and the sum- 
mation of the series. Examples. Geometrical means. Limit of 
series. Equations. Appendix. Index. 104 pages, i2mo, cloth, 60c. 
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POLYPHASE 

XSIectrlc Currents, 

AND 

ALTERNATE- CURRENT MOTORS, 

BY 
SILVANUS P. THOMPSON, D.Sc. 



In preparing the lectures for the press a good deal of new matter has 
been added. rJo attempt has been made either to preserve the colloquial 
form of the discourses or to give to them any pretence to literary style. 
They are put together in their present shape for the use of students and 
engineers, and introductory matter has been added to make the relations of 
polyphase currents to ordinary single-phase currents more clear. 

No apology is needed for devoting special attention at the present time 
to the subject of polyphase electric currents. There seems to be no doubt 
that in the problem of the electric transmission of power a very important 
part will, in the future, be played by alternating currents combined in 
systems of two or three different phases. Already a number of examples 
exist; and some very large works are now in course of construction. The 
undoubted advantages possessed by polyphase systems over either (a) 
continuous current systems, or (b) ordinary single-phase alternate currents, 
for the special service of power transmission, are beyond question; but it 
remains to be seen how far the complications thereby inevitably introduced 
are, in practice, sufficiently great to militate against polyphase distribution 
for the purpose of general electric lighting supplies. 

In these pages the subject will be dealt with under the following sub- 
divisions: — Generators fpr Polyphase Currents; the Properties of the 
Rotatory Magnetic Field, with some account of its historical development; 
the Theory, Construction and Performance of Polyphase Motors; the 
Theory and Construction of Motors operated by ordinary single-phase 
Alternate Currents; together with some account of Polyphase Transformers, 
and of the measurement of power in polyphase systems. 

Contents of Chapters. 

Chapter I. — Polyphase generators. II. —Combinations of polyphase 
currents. III. — Properties of rotating magnetic fields. IV. — Early de- 
velopment of rotatory-field motors. V. — Structure of polyphase motors. 
VI. — Elementary theory of polyphase motors. VII. — Analytical theory 
of poljrphase motors. VIII. — Monophase motors. IX. — Miscellaneous 
alternate current motors. X. — Polyphase transformers. XI. — Measure- 
ment of polyphase power. XII. — Notes on design of polyphase motors. 
XIII. — Mechanical performance of polyphase motors. XIV. — Some ex- 
amples of modern polyphase motors. XV. — Distribution of polyphase 
currents from central stations. Index. 



POLYPHASE ELECTRIC CURRENTS. 



Folding Plates to Scale. 

I. — Two-phase Alternate Current Motor, 6 H.P., 1200 revolutions per 
minute. System, C. E. L. Brown. Scale, i to 4. 

IL—Three-phase Alternate Current Motor, lod H.P., 5,000 volts, 600 
revolutions. Scale, i to 10. 

Illustrations in the Text. 

Simple alternate-current generator (single-phase^. Westinghouse Co*s 
alternator (single -phase). Sketch of four-pole field. Four-pole field 
developed flat. Alternate-current machine : lap-winding. Ditto : wave- 
winding. Curve of induced electromotive force in an ordinary or single- 
phase alternator. Curve of current lagging behind curve of volts. Trans- 
mission from a simple single-phase alternator to a simple synchronous 
motor. Gramme alternator. Illustration of two-phase transmission. Two 
alternate currents differing by a quarter period. A three-phase generator. 
Three-phase currents differing 60° in phase. Field-magnet of three-phase 
alternator at Lauffen. Developed diagram of winding of three-phase 
alternator. Arrangement of windings of three-phase alternators. Section 
of field-magnet. Sketch of field magnet. Polyphase generator of the 
Oerlikon Co. Westinghouse two-phase generator. Brown's ** Umbrella" 
type of alternator. Three-phase generators at the Power station at Hoch- 
fefden (Switzerland). Section of the Niagara 5,000 H.P. generator. One 
of the Niagara generators. Combination of polyphase currents. Group- 
ing of lamps in a polyphase system. Combination of magnetic fields. 
Deprez's theorum. Arago's spinning disk. Babbage and HerschePs 
experiment. Slit disks used by Babbage and Herschel. Faraday's disk 
machine. Eddy-currents in spinning disk. Paths of eddy-currents. Hand 
commutator for imitating three-phase currents. Hand commutator for 
producing three-phase currents. Baily's Polyphase Motor. Deprez*s 
apparatus. Ferraris' motor. Borel's motor. Coerper's motor. Nikola 
Tesla's researches, including a multipolar design, a phase-splitting device, 
and a split-phase motor. Hasel wander's motor. Circuits of the Lauffen- 
Frankfort transmission. Dobrowolsky's 100 H.F. three-phase motor. 
Stator and rotor designed by Brown. Eddy-currents induced in a copper 
cylinder. Modern short-circuited rotor. Experimental forms used by 
Brown. Tesla's two-pole field. Tesla's four-pole field. Helios Co. four- 
pole field. Dobrowolsky two-pole field. Wound rotor of the Oerlikon Co. 
Structure of the stator. Monophase motors. Elihu Thomson's motor. 
Polyphase transformers. Three-phase transformer constructed by Siemens 
and Halske. Dobrowolsky's starting-resistance. Kolben's starting-gear for 
monophase motor. Brown's starting-gear. Pole high-pressure three-phase 
motor. Brown's two-phase motor of 120 H.P. Brown's slow -speed two- 
phase motor of 100 H.P. Stator of Brown's slow-speed two-phase motor. 

Appendix I. — Bibliography of Polyphase Currents and Rotatory- Field 
Motors. (Books and Articles.) 

Appendix II. — Schedule of some British Patents Bearing on Polyphase 
and Alternate-Current Motors. 
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I. — Formulas for Electro-magnets , II Conditions of maximum for 

electro-magnets on a simple circuit, — Conditions of maximum in reference 
to the resistance of the coils.* Conditions of maximum relating to the pro- 
portion which should exist between the depth of the magnetic coil and the 
diameter of the iron cores. Consequences of the preceding laws. Condi- 
tions of maximum as regards the length of the iron core. III. — Conditions 
4>f maximum on compound circuits, IV. — Application of the laws of maxi- 
mum to the construction of electro -magnets, y,^ Numerical examples of 
the application of preceding formulas, VI. — Experimental verification of 
the laws of electro -magnets, VII. — Effects of a more or less complete mag- 
netic saturation, VIII. — Conditions for the good construction of electro- 
magnets. — Conditions in reference to exterior actions. Conditions in refer- 
ence to the form and application of the armature. Conditions in reference 

to the magnetic mass. IX On the best grouping of the cells of a 

^tf//^ry.— Tables. 86 pages, 12mo., cloth, 75cts. 
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CONTENTS OF CHAPTERS. 
Introductory Chapter. — Principles on which the construction of electro- 
motors is founded. Electro-magnets and their construction. Laws of electro- 
magnets. Means employed to diminish the detrimental effects produced in 
< lectromotors. Part I. — First phase of electromotors. —l^isiOYicdA sum- 
mary. II. — Historical motors. III. — Early electromotors. Electromotors 
founded on the Dynamic properties of currents. Electromotors founded on 
the attraction of iron to Electro-magnets, Electromotors into which 
gravity is introduced as a source of power. IV. — Special application of 
electromotors. V. — Electro-chemical motors. Part II. — Second phase 
of electromotors , I. — Reversible machines. II. — General remarks on 

modern motors. III. — Modern small motors. IV Applications of small 

motors. V. — First applications of transport of force. VI. — First applica- 
tions for the locomotion of carriages. VII. — Transport ot forte at the 
Electrical Exhibition of 1881. VIII. — Recent applications and experiments. 
IX. — The distribution of electricity. Notes. 
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PRACTICAL DIRECTIONS 
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WINDING MAGNETS 

FOR DYNAMOS. 



FBOPOBTIONS, AND METHODS OF WHTDIV a FIELD MAaNETS FOR 
SHUNT, SERIES, AND OOMPOUND WOUND MACHINES. 

BY OAKL HEBINa. 

The aim of the writer has been to describe as briefly as possible a 
practical, reliable and well tested method for determining the proper 
winding (that is the size of the wire and the number of tarns) of the coils 
for the magnets of dynamos which are designed for a certain definite outpnt 
The method described is a thoroughly practical one and eliminates entirely 
the objectionable element of <<gnessing" or of making nnmerous trial 
calculations. The method of calculating the winding is applicable equally 
well to all types, sizes, and styles of machines and is entirely independ- 
ent of any arbitrary "constants" which differ so greatly with different 
machines that they are of no use to the practical constructor. Besides 
giving the proper size and number of turns of the wire, the method also 
shows whether the other proportions of the machine are the best and most 
economical and if not, how and where they may be improved, it is there- 
fore also a reliable guide for examining machines with u view to improving 
and standardizing them. 

The book is intended for the practical dynamo designer and con- 
structor, as well as for the student of electrical engineering. The calcu- 
latioDs involved are all of a very simple nature and may be made by any 
intelligent mechanic. 
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ments of— galyanometer resistance ; the internal resistance of batteries; 
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of a cable. Joint testing. Specific measurements. Corrections for 
temperature. A method of localising earth faults in cables. Localisation 
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ance. Gkdvanometer resistance. Specification for manufacture of cable. 
System of testing cable during manufacture. Miscellaneous, &c. , &c 
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at any temperature to 75° F., or at 75° to any temperature ; 6. '* Silver- 
town" gutta-percha at any temperature to 75° F. ; 7. ""Willoughby 
Smith's *' gutta-percha at any temperature to 76° F. ; 8. *' Hooper's " 
indiarubber at any temperature to 75° F. Multiplying power of shunts 
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SYNOPSIS OF CONTENTS. 
Electric tests, Standard degree of temperature. Immersion in water, 
Arrangements before Testing, Apparatus, The use of a shunt, Electric 
units, The order of the tests. The conductivity of the copper, — Explana- 
tion of the method, Practical execution of the test. Calculation of the con- 
ductivity, The resistance of the galvanometer, The resistance of the bat- 
tery, The resistance offered by the earth -plate, Examples. The charge of 
the cable. — Practical execution of the test, Constant c of the condenSer, 
Calculation of the charge, Examples. The insulation of the cable.— 
Practical execution of the test, Ohm's law, Constant n of the battery, 
Constant of the galvanometer, Calculation of the insulation, Insulation 
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with changing currents, Examples. The insulation of a joint, — Practical 
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Temperature coefficients for Willoughby Smith's gutta-percha. Table 5. — 
(Jonversioji of yards into knots. Table 6, — Natural sines. Table 7.-— Natural 
tangents. Table 8.<— Common logarithms. 



WRINKLES IN ELECTRIC LIGHTING. 



By VINCENT STEPHEN. 

Fourth Edition. 



CONTENTS. 
The Electric Current and its Production by Chemical Means. Pro- 
duction of Electric Currents by Mechanical Means; Dynamo-electric 
machines. Electric Lamps. L^ads. Ship Lighting, &c., &c. 

45 PAGES. 23 ILLUSTRATIONS. 12MO., CLOTH, $1.00. 



DOMESTIC ELECTRICITY 

FOR AMATEURS. 

Translated from the French of E. Hospit alter ^ with additions ^ 
By C. J WHARTON. 



CONTENTS AND CHAPTERS. 

Introduction, CHAPTER I. — Production of the Electric Current. II 
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Lighting. VIII.— Domestic application of the Electric Light. IX. — 
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229 Pages, 156 Illustrations, 8vo., Cloth, $2.50. 



ELECTRIC STREET RAILWAYS, 

Their Construction and Equipment, 

With notes as to the cost of Installation and ■ Maintenance^ also the 
Advantages of Electric Traction^ compared with other methods. 

By KILI^INGWORTH HEDGES, CE. 



CONTENTS OF CHAPTERS. 
Preface. Chapter I. — Notes on Electrical Circuits. II. — Historical 
Notes. III. — Construction of Road. IV.— The Overhead Conductors. V. — 
The Conduit Systems. VI. - The Cars and their Electrical Equipment. 
VII — Electric Motors. VIII.— Electric Generators. IX — Engines and 
Boilers. X Operation of the Road. XI. — Examples of Electric Rail- 
ways. XII. — Notes on Electric Locomotives. XIII. — Comparative cost of 
Traction by Cable, Electricity and Animal Power. XIV. — Commercial 
Considerations. XV — English Electric Railways. XVI.— Danger from 
Electrical Currents and Destructive Effects on Subterranean Metal Pipes. 
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CONTINENTAL 

EMc Liglit Ceiitral Statloiis. 

WITH NOTES OF METHODS IN ACTUAL PRACTICE FOR 
DISTRIBUTING ELECTRICITY IN TOWNS. 

Compiled in part from the ReporU made for the Congress of the German Municipal 

Authorities on the occasion of their visit to the International Electrical 

Exhibition, at Frankfort, aah-agth August, 1891. 

BY 

KILLINGWORTH HEDGES, 

M. Inst. C. E. and M. Inst. E. B. 



In publishing this work the author has a twofold object ; firstly, to 
enable the members of Lighting Committees and others taking up the ques- 
tion of the introduction of Electricity, to obtain a rapid survey of what has 
been done on the Continent of Europe, both on a large and small scale ; and 
secondly, to enable Electrical Engineers to follow those arrangements for 
distributing electricity which differ from the usual English practice. 

At the suggestion of the Committee of the recent Frankfort Exhibition, 
the principal German electrical firms, and other users of electric light, 
reported fully upon the various systems adopted. These combined reports 
were presented to the members of the municipal authorities on the occasion 
of their visit to Frankfort. By permission of the contributors, the author 
has been enabled to avail himself of a good deal of their valuable informa- 
tion, and has also reproduced many of the working drawings and sketches 
of the electrical distributing arrangements. A description of some central 
stations which he has visited during the last two years, is also added. 

The various installations are grouped under the headings of PART I— 
High Pressure ; PART II— Ix)W Pressure. * 

In PART III is a description of the pioneer enterprise of transmitting 
the power of the waterfalls at Lauffen as electrical energy to Frankfort, a 
distance of loS miles. 

This work concludes with a very concise Explanation of Technical 
Terms for the benefit ot non-professional readers. 



Continental Elbctkic Light 'Stations. 



CONTENTS. 

Part I. — High Pressure Distribution with Alternating Currents and Trans- 
formers. Includes the systems Adopted by : Ganz & Co. ; 
International Electric Co. ; Oscar von Miller ; Alioth & Co. ; 
Helios Co. ; C. & E. Fein ; Brush Co., London ; and 
Hammond & Co., London. 

Part II. — Low Pressure Distribution by Continuous Currents, either direct 
or with Secondary Batteries. Under this head we find accounts 
o£ the work done by the following firms, viz. : — Schubert & Co. ; 
Hagen Co. ; Siemens & Halske ; and the AUgemeine Elektric* 
itfits Gesellschaft ; Egger & Co. ; Khotinsky ; Einstein. Bam- 
berg & Co. ; Kremenezky, Mayer & Co. ; Kummer ; Esslingen 
& Co. ; Naglo Bros. ; Edison & Thomson-Houston Companies ; 
and Crompton. 

Part III. — Lauffen-Frankfort Power Transmission. — Electrical Measuring 
Instruments. — Conduits for Electric Mains. — Distribution ol 
Electricity Compared with Gas. — Load- Factors. — Network of 
Mains. — Interest of Gas Companies with regard to Electric 
Lighting. — Continental Central Station Practice.— Cost of Elec- 
tric Light Abroad —Relative Cost of Electricity and Gas. — 
Extracts from Board of Trade Regulations. — Electrical Measure- 
ments. — English and French Measures. — Resistance of Copper 
Wire in English and French Measurements. — Explanation of 
Technical Terms. 
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VOLTAIC ACCUMULATOR. 

AN ELEMENTAET TEEATISE. 

BY EMILE REYNIER. 
BY J. A. BERLY, C.E., A.I.C.E. 



This Treatise describes, in a didactic maDner, the whole of the 
practical and scientific acquisitions made in the domain of the Voltaic 
Accumulator from Plante to our days. It brings tofrether, summa- 
rizes, explains, and classifies the notions, theories, and invcDtions relating 
to secondary currents, and reviews the principal applications of the latter. 

CONTENTS. 

Part I. Principles. 

Definitions. Voltameter with metallic electrodes. Secondary elec- 
tromotive force. Secondary polarities. Voltaic accumulators, or sec- 
ondary batteries. 

Voltameters. Platinum, lead, carbon, and copper voltameters. 
Voltameters with alkaline amalgams. lodustrial voltameters. Classi- 
fication of accumulators. 

Part II. Voltaic Accumulatorb. 

Plante Accumulators. Plante's original secondary cells. Second- 
ary cells with parallel electrodes. Spiral accumulators. Chemical 
reactions in Plante's secondary cells. Formation. Voltaic capacity. 
Constants. Autogeneous formation ; heterogeneous formation. 

^ Accumulators of the Plante type.— Autogeneous formation. ^Ac- 
cumulators, surface formation. Foliated, Tommasi, De Eabath,' lead 
wire, Simmen and lieynier, and lead shot accumulators. Plated elec- 



THE VOLTAIC ACCCHULATOk. 



trode accijmulators. Electrodes rendered permeable by the eliminatiuii 
ofan auxiliary metal. Sulpbi^retted electrode accumulators. 

Accumulators of the Plante t3rpe. — Heterogeneous formation. 
Accumulators with oxides or insoluble lead salts juxtaposed to conduc- 
tive supports, Camille Faure system. Accumulators with reticulated 
electrodes filled with finely divided lead, Yolckmar system. Accumu- 
lators with socketed oxides, Faure- Yolckmar system. Sellon's gratings 
of lead and antimony alloy^ Double electrodes. Mounting in column, 
by G. Philippart. Mixed accumulator. Agglomerate oxides of lead 
electrodes. Tribe, peroxide of lead electrodes. Frankland, agglom- 
erate electrodes. Electro- chemical formation. Montaud accumulators. 

Miscellaneoua Accumulators. Lead-copper, lead-zinc, D'Arsonval 
and Carpentier, Reynier, and Bailly accumulators. Tamine solution. 
Alkaline zincate accumulators, de lAlande and Chaperon recuperative 
batteries. Commelin-Desmazures-Baillache accumulators. 

Part III. Tschnolooy. 

Technical generalities concerning Accumulators. Constanta. 
Electromotive forces. Resistance. Power. Voltaic capacities. Use- 
ful or normal voltaic capacity. Work. Discharge diagrams. Efficien- 
cies. Weights in relation to power and work. Life of accumulators. 
Redemption. Formula of merit of a system of accumulators. 

Pabt IY. Afplicatiosb. 

Applications of Accumulators. (General remarks on the charge 
of accumulators. First applications of secondary couples by Mr. G. 
Plante. Applications to scientific researches, to telegraphy, telephony, 
clockwork, etc Application to electric lighting, and to the current 
regularization of machines; regulating voltameterts. Welding of metals. 
Production of motive-power. Electrical locomotion on tramways anc 
on roads. Electrical navigation. Transmission and distribution o) 
energy by means of secondary currents. Translation or displacement o: 
energy by mf ans of accumulators. Land carriage of energy. Water 
carriage of energy. Caption of natural forces by oceans of accumu 
latori. 

> .With 62 illustrations, sjipwin^; the various parts of the accumula 
lor and in its complete form. 202 pages, 8vo, cloth. Price, $8.00. 
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TO WHICH HAS BEEN ADDED FULL DIRECTIONS FOR THE RUNNING OP 

OIL ENGINES. 



CONTENTS. 
Choosing and installing a gas engine. The construction of good 
gas engines. Examination as to workmanship. As to running. As 
to economy. Reliability and durability of gas engines. Cost of in- 
stalling a gas engine. Proper erection of a gas engine. Construc- 
tion of the foundation. Arrangement for gas pipes. Rubber bag. 
Locking devices. Exhaust pipes. Air pipes. Setting up gas en- 
gines. Brakes and their use in ascertaining the power of gias en- 
gines. Theory of the brake. The Brauer band brake. Arrange- 
ment of a brake test. Explanation of the expressions *' Brake 
Power " and '• Indicated Power.** Comparisons of the results of the 
brake test and the indicated test. Quantity of work consumed by 
external friction of the engine Distribution of heat in a gas engine. 
Attendance on gas engines. General remarks. Gas engine oil. 
Cylinder lubricators Rules as to starting and stopping a gas engine. 
The cleaning of a gas engine. General observations and specific ex- 
amination for defects. Different kinds of defectives. The, engine 
refuses to work. Non-starting of the engine. Too much pressure 
on the gas. Water in the exhaust pot. Difficult}^ in starting the en- 
gine. Clogged slide valve. Leaks in gas pipes. Unexpected 
stopping of engine. Irregular running. Loss of power. Weak gas 
mixtures. Late ignition. Cracks in air inlet. Back filing. Knock- 
ing and pounding inside of engine. Dangers and precautionary 
measure in handling gas engines. Examination of ^as pipes. Pre- 
cautions when :~ Opening gas valves. Removing piston from cylin- 
der. Examining with light openings of gas engines. Dangers in 
starting. Dangers in cleaning. Safeguards for fly-wheels. Danger 
of putting otf belts. Oil HnSTines. Gas engines with producer 

fas. Gasoline and oil engines The ** Homsby-Akroyd * oil engine, 
ailure to start. * Examination of engine in detail. Vaporizer valvi 
box. Pull detailed directions for the management of Oil Engines. 
Concluding remarks. 120 pages, illustrated, i2mo, cloth, $1.00. 



Pocket-books for Reference. 



Molesivortll and Hurst.— The pocket-book of pocket-books. 
Being Hurst's and Molesworth's pocket-book bound togrether in full Russia 
leather, 32mo., round comers, gilt edges, $5.00. 

Chltler and Hdisrc* — Tables for setting out curves from 100 feet 
to 5,000 feet radius. Useful for setting out roads, sewers, walls, fences 
and general engineering work, i6ino., cloth, $1.00. 

Haycock* — Practical electrical notes and definitions, for the use of 
engineering students and practical men, 286 pages, illustrated, 32mo., 
cloth, 75c.* 

Thompson's Blec^trical Tables^— A valuable little refer- 
ence book for engineers, electricians, motor inspectors and others interested 
in electrical engineering. Illustrated, vest pocket edition, 64mo., roan, 50c. 

DearlOTC — Tables to find the working speed of cables ; comprising 
also data as to diameter, capacity and copper resistance of all cores. 32mo., 
cloth, 8oc. 

MoleS^WOrflt. — Metrical tables, weights and measures. 57 pages, 
32mo., cloth, 60c. 

Brooks. — French measures and english equivalents. 32mo. , 40c. 

MoleSlVOrtll* — Pocket-book of useful formulae and memoranda for 
civil and mechanical engineers. 781 pages, illustrated, 32mo, leather, $2.00.* 

Georg^e. — Pocket-book of calculadon in stresses, etc., for engineers, 
architects and general use. 140 pages, illustrated, 32mo., cloth, $1.40. 

Sexton. — Pocket-book for boiler makers and steam users, board of 
trade surveyors, and the general steam-using public. 287 pages, illustrated, 
32mo., leather, $2.00. 

Hurst. — A hand-book of formulae, tables and memoranda for archi- 
tectural surveyors. 477 pages, illustrated, 32mo., leather, $2.00. 

Jordan. — Tabulated weights of angle, tee and bulb iron and steel and 
other information for the use of naval architects, shipbuilders and manu- 
facturers. 579 pages, 32mo., leather, 1896, $3*00. 

Spons'. — Tables and memoranda for engineers, by Hurst. The vest 
pocket edition, 64mo., roan, 50c. 

Mackesy.— Tables of barometrical heights to 20,000 feet, specially 
adapted for the use of officers on service, civil engineers and travellers. 
With 3 diagrams, 32mo., cloth, $1.25. 

Bayley.— Pocket-book for chemists, chemical manufacturers, metal- 
lurgists, dyers, distillers, brewers, sugar refiners, photographers, students, 
etc., etc. 32mo., roan, $2.00. In the press. 

Books mailed postpaid to any address in the world on receipt of price. 



PRACTICAL PAMPHLETS. 



Hints to Yoans: BnsrineerS Upon Entering: Their Profes- 
fession. By Joseph W. Wilson. 8vo, paper, 20 cts. 

Desisrnins: Belt Geariog:. B7 £. J. Cowling: Welch. i6mo, 
paper, 20 cts. 

Xatlles of the Principal Speeds Occurring in Mechanical Engineering: 
expressed in metres, in a second. By P. Keerayeff. Translated by 
Serg:ius Kern, M.E. i6mo, paper, 20 cts. 

Tlie Frencll Polialiers* Manual. By a French polisher. 
i6ino, paper, 20 cts. 

Cleanins: and Scouring:. A Manual for Dyers and Laun- 
dresses, and for Domestic Use. By S. Christopher. i6mo, paper, 20 cts. 

Tlie Cookins: Rangre* Why is it my cooking range does not 
work properly, and Why so extravagant wiih fuel ? By F. Dye. 161T.0, 
paper, 20 cts. 

Tlie Gaa consumers' HandytH^ok. By William 
Richards, C.E. i6mO| paper, 20 cts. 

Turner and fritters' Pocket B€»ok. For calculating 
the change wheels for screws on a turning lathe and for a wheel cutting 
machine. By J. La Nicca. i6mo, paper, 20 cts. 

Scre^r-Cuttin^ Tables, for the use of Mechanical Engineers,, 
showing the proper arrangement of whe<ils for cutting the threads of screws 
of any required pitch, with a table for making the Universal Gas Pipe 
Threads and Taps. By W. A. Martin. Paper, 20 cts. 

Ornamental Penmansliip* A Pocketbook of Alphabets 
for Engravers, Sign Writers and Stone Cutters, containing 32 pages of al- 
phabets. Paper, 20 cts. 

Tlie Handy Sketcllinsr Book, for the use of Draftsmen 
and Engineers, containing cross-section paper to EXACT eighth of an inch,, 
with useful tables. Bound in boards, per dozen, $2.50. Each, aects. 

Tlie Kitcben Boiler and Water Pipes : Their arrangement 
and management — more especially their treatment during frost and how to 
avoid explosions. By H. Grimshaw. Second edition, illustrated, 8vo» 
paper, 40 cts. 



PRACTICAL HANDBOOKS. 



Engine Cylinder Diagram. 

With (Meyer) cut-oflf at U, J^, % and J^ stroke of piston, with 
anovable valves. By H. W. Weightman. On card, 25 cts. 

How to Run Engines and Boilers. 

A Handbook of Practical Instruction for Young Engineers and those ii 
charge of Steam Engines. By £. P. Watson. Illustrated, cloth, i.oo 

The Fireman's Guide. 

A Handbook on the Management of Boilers. Written in plain language 
for Young Firemen and those in charge of boilers. By K. P. Dahlstrom, 
M. E. Cloth, 50 cts. 

The Corliss Engine and its Management. 

The best and most practical book on the Corliss Engine, By John T. 
Henthorn ^nd C. D. Thurber. Plainly written, thoroughly practical, and 
fully illustrated. Cloth, I.oo 

Ammonia Refrigeration. 

Theoretical and Practical Ammonia Refrigeration. By I. I. Redwood, 
M. Am. Inst ME. A practical handbook for the use of those in charge 
•of Refrigerating Machinery and Ice Plants. Fully illustrated and about 
24 pages of valuable tables.. i2mo, cloth, i.oo 

Manual of Instruction in Hard Soldering. 

New edition, with an appendix on the Repair of Bicycle Frames, Solder- 
ing Alloys, Fluxes, and a chapter on Soft Soldering. By Harvey Rr«well. 
Illustrated, cloth, 75 cts. 

Practical Electrics. 

A Handbook on the Construction, Fitting- up and Use of Telephones* 
Bells, Receivers, Batteries, Alarms, Annunciators, Dynamos, Motors, Car- 
bons, Microphones, Phonographs, Photophones, Coils, and all kinds of 
•electrical appliances. Fully illustrated cloth, 75 cts. 

The Magneto Telephone. 

Its Construction, Fitting-up and Adaptability to Every-day Use. By 
Norman Hughes. Specially written in plain language for the use of 
beginners. Illustrated, cloth, i.ob 

Syrups, Extracts, Flavorings, Phosphates, &c. 

The Non Plus Ultra Soda Fountain Requisites. By G. Dubelle. A 
Handbook of Practical Receipts. Nearly 500 recipes. Cloth, 2.50 

, : Algebra Self Taught. 

The Best and Cheapest Algebra in the Market. By W. P. Higgs. 
■L oth, 60 cts. 

A System of Easy Lettering. 

By J. H.Cromwell. Containing 25 pages of alphabets. Well printed 
on good paper, oblong. Paper, 50 cts. 



■ MOW READY. PRICE »6. 

ITS 

Theory, Sources and Applloatloiis» 

BY 

JOHN T. SPRAGUE, M.I.E.E. 



THIRD EDITION, 
Thorougchly Bevised and Enlarged. 



Ghapteb Hbadinos. 

Introduotion ; Statio or Friotional Electricity ; Magnetism ; GalTanlc 
Batteries ; Measurement ; Current ; Conductivity and Besistance ; £leo- 
tro-motiye Force ; Electrolysis ; Electro-metallurgy ; Electro-magnetism ; 
Terrestrial Electricity ; Electric Lighting ; Miscellaneous : Dictionary of 
Terms; Index. 

This edition is no mere reprint, every sentence has been examined, 
And every source of information studied to bring the work fully up to 
date. One-third of the book is rewritten ; nothing of consequence has 
been omitted, but to make room for the new matter some of the less 
important illustrations have been set aside, and all unnecessary words 
cut down ; but the work as a whole remains what it was, the expression 
of original thought and work, not a mere orthodox text-book. .... 
ICany mere facts found in all other books on electricity may here be 
omitted, or only slightly glanced at ; but on the other hand, jyrindpUs 
are dwelt upon, and the instruments necessary for their study fully 
explained so that those who may have some mechanical aptitude may • 
construct them for themselves, the very best possible way of understand- 
ing them. 

647 pages, illustrated, 12mo, cloth, price $6. 
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